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Until the early seventies land degradation and desertification were not considered a major issue in most Mediterranean countries. Traditional agricultural systems were believed to be able to keep those phenomena in check. Thus low priority was assigned to research programmes and projects on soil erosion and conservation, preference being given to the impact of farm machinery on soil structure and compaction along with the role of organic matter in the soil.
In the eighties and early nineties, the global warming generated by enhanced greenhouse effect, and the agricultural practices introduced in sloping land under cultivation in the Mediterranean in the previous decades, were identified as major contributes to soil degradation. The unprecedented efforts to increase crop yields and maximize profit, made possible by the technological revolution in agriculture, had triggered in the agricultural ecosystem the onset of soil degradation due to hydrological phenomena that proved detrimental both to soil fertility and to the landscape causing devastating and permanent damage. The Program Committee for Land and Water Use and Management of the Directorate General for Agriculture of the European Community (EC), after examining the problem thoroughly, concluded that a more detailed evaluation of the situation in the different environments of the Mediterranean was required. In addition, it was recognized that research activities were too fragmentary to be able to cope with the demands of implementing sound soil conservation measures. Another recommendation was the use of pilot areas for a quantitative evaluation of accelerated erosion and the effects of new conservation measures in the water erosion prone areas of Mediterranean Europe. It was also suggested that the old projects should give way to more flexibility, so that programmes can be modified during implementation to take advantage of experience gained and lessons learned. 
For an effective soil conservation policy for the region, the requirements are:
	a high level of political pressure;
	available technology which has been shown to work;
	a clear financial incentive;
	a clear “stand alone” policy which could also be part of an environmental protection programme, or part of an agricultural development programme;
	an adequate local organization to take responsibility for implementation.
To combat these problems the EC, in collaboration with other international organizations, has funded various programmes and projects for mitigating drought and assessing and preventing land degradation and desertification.
In this context, the paper describes the main features and characteristics of some of these programmes and projects - ESD (European Soil Database), CORINE (CO-oRdination INformation Environment), MEDALUS (MEditerranean Desertification And Land USe), UNEP (United Nations Environmental Program), EFEDA (European Field Experiment in Desertification – threatened Areas) – and proposes new approaches to environmental policies, in order to:
	assess, forecast and mitigate adverse impacts of drought;
	better understand soil erosion, land degradation and desertification processes;
	identify preventive, protective and remedial measures;
	address quantity and quality of natural resources in an integrated context;
	support innovation and participatory strategies.
The importance and role of institutional strengthening, sound financial and managerial frameworks, availability of human resources involved, research thrust, technology transfer and networking improvement are also highlighted.





The issue of soil erosion, land degradation and desertification in the Mediterranean has been the subjects of debate and research for centuries (Grove, 1986). It is only in recent years, however, that a serious effort has been made to identify and understand these phenomena and their implications. The term “land” stands for a section of the Earth’s surface, with all the physical, chemical and biological features that influence the use of the resource. It refers to soil, spatial variability of landscape, climate, hydrology, vegetation and fauna and also includes improvements in land management such as drainage schemes, terraces and other agrobiological and mechanical measures.
The term “desertification” means land degradation in arid, semi-arid and dry sub-humid areas resulting from climatic variations and human activities. The most significant aspect of land degradation is the decline of soil fertility and soil structure and the consequent impairment of the land’s carrying capacity for plants, animals and human beings. This leads to widespread poverty, overexploitation and ultimately destruction and abandonment of land.
The causes that have enhanced these processes are many. They range from the political to the social and technological spheres. These causes are present today all over the world, but in the European Mediterranean countries they are particularly severe due to the rapid technological innovation, the fragility of the environment, the past long agricultural tradition not always oriented towards sustainable land use and, recently, to the global warming caused by the greenhouse effect (Giordano, 1993). Facing these problems the European Community (EC), in collaboration with other international organizations, have funded different projects for assessing soil erosion, land degradation and desertification and providing useful information to design preventive measures.
In this context, the paper describes the main features, characteristics and outcomes of some of these projects and stresses the importance and role of the research thrust and technology transfer, along with networking improvement and international cooperation.

Soil Erosion, Land Degradation and Desertification Processes

Soil erosion and land degradation in sloping Mediterranean lands has deep roots in the past colonization of the hilly lands, first in the search of defendable and salubrious areas and subsequently in exploiting the land for agricultural and pastoral activities to meet the demand of an increasing population. Over the last four or five decades this situation has changed profoundly. First, there has been a major change in agriculture. Extensive agriculture based on grazing and dryland wheat has given way to intensive agriculture based on tree crops, horticulture and irrigation. This process has triggered a spatial concentration of agriculture together with changes in the spatial distribution of the demand for rural labour. Second, profound social change has been accompanied by a dramatic improvement in the standard of living. Third, the growth of tourism and the littoralization of the Mediterranean economy have added to the problems of rural environment. All three factors have led to an emphasis on land-use conflicts and land degradation.
By the late 1980’ a new threat had emerged in the shape of global warming generated by the enhanced greenhouse effect. By examining present climate patterns and possible future trends over the region, scientists have been able to investigate the relationship between global warming and drought and assess the changing risk of land degradation and desertification processes (Palutikof et al., 1994)

Climate Change and Trends in Agricultural Systems

In areas plagued by prolonged periods of drought, the process triggers chain reactions that result in soil exposure, erosion, land degradation and, ultimately, desertification.
In European Mediterranean countries the risk of land degradation and desertification is now a very real one considering current climate patterns and human interference, and the enhanced greenhouse effect will very likely increase this risk in the short time. The main causes of land degradation and desertification can be summed up as follows (Chisci, 1993):
	move of agricultural systems towards specialized-mechanized hill farming;
	modification of morpho-structural and infrastructural features of the environment;
	abandoned, previously cultivated, fields and/or farms and their man-made structural and infrastructural elements;
	increase in forest and pasture fires.
Until the early seventies land degradation and desertification were not considered a major issue in most Mediterranean regions. Traditional agricultural systems were believed to be able to keep those processes in check. Thus low priority was assigned to research programmes and projects on soil erosion and conservation, preference being given to the impact of farm machinery on soil structure and compaction along with the role of organic matter in the soil. 
In the eighties and early nineties the agricultural practices introduced in previous decades in sloping land under cultivation in the Mediterranean, where increased runoff and erosion had begun to be observed, were identified as a major contributor to soil degradation. The unprecedented efforts to increase crop yields and maximize profit, made possible by the technological revolution in agriculture, had triggered in the agricultural ecosystem the onset of soil degradation due to hydrological phenomena that proved detrimental both to soil fertility and to the landscape causing devastating and permanent damage. 
After a thorough analysis of the problem the Program Committee for Land, Water Use and Management of the European Commission’s Directorate General for Agriculture, concluded that it was necessary to evaluate in more detail the situation in the different Mediterranean environments. In addition, it was recognized that research activities were too fragmentary to be able to cope with the demand of sound soil conservation measures. Another recommendation was the use of pilot areas for a quantitative evaluation of accelerated erosion and the effects of new conservation measures in the water erosion prone areas of Mediterranean Europe. It was also suggested that the old projects should give way to more flexibility, so that programmes could be modified during implementation to take advantage of experience gained and lessons learned. For an effective soil conservation policy for the Mediterranean region, the following are required:  
	high level political pressure; 
	proven technologies;
	clear financial incentives;
	a clear “stand alone” policy which could also be part of an environmental protection programme, or of an agricultural development programme;
	a suitable local organization to take responsibility for implementation.

EC Actions to Prevent Land Degradation and Desertification

In combating these problems, the EC in collaboration with other international organizations, have funded different projects and programs for mitigating drought, assessing soil erosion, preventing land degradation and desertification, and for providing useful information to design environmental policies (De Wrachien et al., 2002).
The most important of these projects and programmes, are the following:
	ESD (European Soil Database)
	CORINE (COoRdination  INformation Environment)
	MEDALUS (MEditerranean Desertification And Land USe)
	UNEP (United Nations Environmental Program)
	EFEDA (European Field Experiment in Desertification – threatened Areas)

The European Soil Database (ESD)
The European Soil Bureau (ESB) has been sponsoring the collection of soil information throughout the Mediterranean basin in particular, and throughout Europe in general, for more than ten years (Montanarella et al., 1999). This has culminated in the compilation of the first version of an European Soil Database containing spatial data at 1:1,000,000 scale, harmonized for the whole continent, according to a standard international classification (FAO & UNESCO 1990), together with analytical data for standard profiles. The ESD, therefore, provides a starting point for delineating various aspects of soil erosion and land degradation at both the Mediterranean and the European levels (Jones, 2001).

COoRdination INformation Environment (CORINE)
The first project that has dealt with soil erosion and land degradation at the level of European Union (EU) was the “Soil Erosion Risk and Important Land Resources in the EU Mediterranean Countries” within the CORINE framework (Giordano, 1992). The project, started in 1985 and finished in 1992. The project selected the topic of soil erosion because of its wide-reaching and serious effects on both land resources and the environment. From a practical point of view, the risk of soil erosion must be matched with the land evaluation. The methodology adopted was designed to satisfy the two points:
	the link between soil erosion risk and land quality;
	to separate between relatively stable factors (such as topography and soils) and those subjected to changes (such as vegetation and land use).
The outcomes of the project provided the users with a double set of information: the first was the potential soil erosion risk, which refers to a bare soil; the second set was linked to the actual soil erosion risk, and takes into consideration the existing land cover and use.
The proposed methodology should be considered as a set of guidelines and not a rigid scheme. The results obtained in the predictive approach should be considered appropriate for a given agro-climatologic zone.
Even if the project has to be considered as a first approximation, rather than a defined assessment of soil erosion risk and land quality, it does present the first genuine attempt to provide the information that the policy-makers need, to tackle the growing problems of soil erosion and land resources in the region.

MEditerranean Desertification And Land USe (MEDALUS)
In the 1990s the EU has promoted the project MEDALUS, with the aim of carrying out basic investigations on Mediterranean desertification by consolidating fundamental areas of research and by setting up models suited to predict climate change due to enhanced greenhouse effect, and quantify the land degradation and desertification processes (Brandt et al., 1996)
The project was organized in four modules:
	Core field studies, for data collection to increase the understanding of basic processes and causes of land degradation and desertification in three main research areas of the semi-arid Mediterranean: Almeria (Spain), Sparta (Greece) and Sardinia (Italy).
The core program covered field measurements of different biotic and abiotic parameters under contrasting site conditions. Within this module a geo-referenced Data Base has been developed, containing not only the field data but also remotely sensed images.
	Developing land degradation models. This module has brought about the MEDRUSH land degradation model to assess and predict the desertification process.
	Application of the MEDRUSH model. This module has been implemented, especially, in the Guadalentin basin (Murcia, Spain) and in the Agri watershed (Basilicata, Italy), where the model has been tested and, subsequently, applied as a land management tool.
	Implementation of models to describe the present pattern and possible future trends of climate over the region, in order to assess the changing risk of desertification. Within this frame two approaches have been used. In the first, current trends in an indicator of atmospheric pressure (the height of the 500hPa surface) are extrapolated to around 2020, using a statistical model; the second approach uses the results from General Circulation Models (GCMs) to construct seasonal scenarios of the change, over time, in temperature, precipitation and potential evapotranspiration.
The MEDALUS project represents, perhaps, the most valuable compendium nowadays available of information concerning present pattern and future trends of climate, land degradation and desertification the Mediterranean region.

United Nations Environmental Program (UNEP)
The UNEP is not only concerned with the environmental issues of the Mediterranean region but also with the European issues as a whole (Giordano, 1993). Among the many UNEP contributions to the climate change and desertification is PAP/RAC (Priority Actions Program/Regional Activity Centre). The project consisted of two main subprojects: erosion mapping and erosion measurements.
The aim is to create a common methodology of erosion mapping in an area covering eighteen countries in the Mediterranean coastal zones. The project produced useful guidelines to help in:
	contributing to a better management of soils and other natural resources;
	designing measures for mitigating erosion processes;
	presenting a methodology and prerequisites for mapping and measurement of erosion processes;
	identifying preventive, protective and curative measures to mitigate drought and combat desertification.

European Field Experiment in Desertification-threatened Areas (EFEDA)
The aims of the previously described projects were to improve understanding of erosion and degradation processes to model desertification and its impacts, to predict future patterns of climate change and to identify and design possible mechanisms and measures for mitigating these effects.
The EFEDA project is mainly concerned with deforestation and was focused on the interaction between land surface and atmospheric processes. The field experiment was located in southwest Spain. It began in 1991 (Bolle et al., 1993) and included intensive campaigns of detailed measurements, from land, air and space, of surface characteristics and fluxes over three different type of land cover.
Although it is difficult to compare the above-outlined studies and results, as they have used different methodologies, they have the merit of providing new approaches and environmental policies  to:
	assess, forecast and mitigate harmful impacts of droughts;
	better understand soil erosion, land degradation and desertification processes;
	identify preventive, protective and curative measures;
	address quantify and quality of natural resources in an integrated context;
	support innovation and participatory strategies;
	foster technology transfer and international co-operation
	provide an international forum for debating environmental issues and finding sound and sustainable solutions.

Strategic Action Plan (SAP)

The above-described themes, principles and project outcomes tackle the major problems encountered in the process of desertification prevention and drought mitigation in the Mediterranean basin. To implement their results, they have to be translated into actions through the formulation of programmes which have to be based on consistent and standardized methodologies and take into account the actual conditions of the environment where they are expected to be implemented (Hamdy et al., 1999). These programmes should be based on:
	adoption of a comprehensive approach that views land and water use and management and the environment in an integrated manner;
	promotion of regional co-operation to ensure that the concerns of all parties are considered in taking decisions;
	recognition of the linkages among soil erosion, land use and climate change;
	encouragement of a broad-base participation, including governments, professional and research institutions and non-governmental organizations;
	endorsement of a phased program of actions at both international and national levels.




	The actual trend of soil erosion and land degradation in the European Mediterranean environment has recently become a serious problem. The consequences are not only related to the lost of soil fertility and land productivity, but also to salinization, acidification, contamination, compression, surface sealing, desertification, damage to life in soils and other negative impacts on human activities.
	Possible future climate change over the region, due to the global warming, are likely to lead to climate conditions characterized by a decrease in rainfall (drought) especially during the summer and subsequently leading to land degradation and desertification.
	In combating these problems, the EC in collaboration with other international organizations, have funded different projects for mitigating drought and assessing and preventing land degradation and desertification
	In implementing the project results, the latter need to be translated into a Strategic Action Plan. In doing so, one should concentrate resources on significant problems, avoid duplication and overlap and select topics for investigation that are likely to achieve the greatest benefit.
	Lessons learned and experience gained demonstrate that it is necessary to make a decisive break from past policies, to embrace a new holistic approach in land and water use and management, that is comprehensive, participatory and environmentally sustainable.
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